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Abstract 
The carbon materials exhibit various uses as part of the superior product.  This research aimed to obtain activated carbon in
sphere shape from cassava and tapioca flour through the hydrothermal carbonization and KOH activation.  The condition of 
hydrothermal carbonization as employed was the maximum temperature at 250oC kept for 8 hours.  Based on results of 
proximate analysis, XRD, and SEM observation on the resulting hydrochar, its best properties were obtained using tapioca flour 
material.  The hydrochar (Hc) as such was further activated into the activated carbon using KOH solution, with the ratio of Hc to 
KOH at 3:1, for one hour at 800oC.  The resulting activated carbon from the precursor of tapioca Hc appeared predominantly in 
sphere shape; and exhibited the BET area at 986 m2/g, total pore volume 0.57 cc/g, micropore volume 0.46 cc/g, pore diameter 
1.6 nm, and electrical resistance lower than 0.01 ohm. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the SustaiN conference committee and supported by Kyoto University; (RISH), 
(OPIR), (GCOE-ARS) and (GSS) as co-hosts. 
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1. Introduction 
Carbon can be prepared or manufactured from various kinds of raw materials, as they exhibit their own 
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characteristics which further can affect the properties and qualities of the resulting carbon [1]. The use of biomass 
materials for carbon manufacture has attracted enthusiastic attentions, as it can bring benefits with respect to 
economy, environment, and social issues.  Among the available techniques [2], the carbon material which results 
from the so-called hydrothermal carbonization affords superior and promising properties for various uses [3].  
Besides, the hydrothermal carbonization (HTC) process is indicatively more environmentally friendly because it 
proceeds under the closed system and at low temperatures [4].  In the HTC process, the biomass is heated to the 
temperatures between 170oC and 250oC over a period ranging from a few hours to a day [5], employing the pressure 
greater than one atmosphere.  In this way, the biomass changes in shape to a solid material known as hydrochar [6] 
[7].  The reaction mechanisms that occur to the biomass during the HTC process include among others hydrolysis, 
dehydration, decarboxylation, polymerization and aromatization [8].                
 In general, the materials for the HTC process can come from the vegetation-derived materials that contain 
carbohydrate compounds, such as biomass waste and wood.  Meanwhile, the kinds of carbohydrate as such  can be 
sugar, starch, hemicelluloses, cellulose, glucose, and its derivatives (e.g. furfural) [9] [1].  The outstanding 
performance of the carbon hybrid, during its storage, that results from the HTC process renders theses carbon 
materials suitable as the anode material for the lithium-ion battery [2]. 
 The possible use of the HTC process carbon as the electrode in the lithium-ion battery seems to be prospective 
[10].  The carbon materials as used a lot in the energy storage instruments afford high electric conductivity, well-
stable chemical and relatively low price.  The carbon materials can come in bar, powder, or fiber shapes, but in the 
last decades the use of carbon black, carbon sphere, and carbon nanotube has developed remarkably fast; and until 
this occasion intensive attempts have been rigorously developed to obtain high-performance carbon [10] [11] [12]. 
 Previously the carbon sphere is manufactured from coal or pitch petroleum, but as the use of fossil fuel has 
brought about environment problems; and moreover it is not-renewable, this renders the biomass-based materials 
becoming a precious alternative for such [13].  The manufacture of carbon sphere through the HTC process in small-
scale operation (laboratory) has been carried out a lot using the high-purity carbohydrate, such as xylose, fructose, 
pure cellulose [14] [4], and the starch, which are obtained from the particular vegetations [13].   
 Carbohydrate with high purity is certainly very expensive and therefore can become an obstacle if it is produced 
in large-scale operation.  As the relevance, the experiment using cassava and tapioca has been conducted for the 
manufacture of carbon sphere through the HTC process.  Tapioca might certainly gain greater probability than 
cassava, to obtain the carbon sphere as the latter comes mostly still in fiber shape.  The cassava as used was the one 
obtained from the forest which tasted bitter, and therefore is categorized as not-edible plant and can’t be directly 
consumed by humans. 
To obtain porous carbon spheres with high surface area, precursor carbon or hydrochar need to be activated.  
KOH is the most effective agent to form micro-pore [15], typically used at very high ratio KOH to charcoal (1:1 – 
4:1).  In this study used a small ratio precursor to KOH 3:1. 
2. Experimental 
2.1. Materials and equipments 
The raw material as employed consisted of cassava and tapioca flour which were obtained from the particular 
location in Bogor city (Indonesia).  The chemicals as used comprised KOH p.a., H2SO4 p.a. and distilled water.  The 
equipment and instruments as employed were among others digester, activation retort, Scanning Electron 
Microscope (SEM) of the Zeiss EVO 50®, X-Ray Diffractometer (XRD) of the 7000 Shimadzu, Surface Area 
Analyzer (SAA) of the Quantachrome 2000 and Inductance-Capacitance-Resistance (ICR) meter of the Krisbow. 
Proximate analysis and iodine adsorption were also conducted to determine the characteristics of the sample. 
Systematically, this research was divided into two stages, which comprised hydrothermal process, and activation to 
obtain the carbon sphere with porous structure. 
2.2. Hydrothermal carbonization 
For the hydrothermal carbonization, it used the material of tapioca flour, which was commercially sold by the 
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community without pre-treatment. Meanwhile, for the cassava material, it was first shaped to small-size pieces 
(chips) and then dried under the sun.  The dried cassava chips were further ground to flour.       
The hydrothermal carbonization (HTC) took place in the digester that afforded the maximum 18-liter capacity, 
equipped with electric heater.  Under the room-temperature condition, a particular amount of sample was put into 
the digester, afterward tightly closed, and electric heater was turned on.  The targeted carbonization temperature was 
250oC, kept for eight consecutive hours. 
 The resulting solid product (hydrochar) was washed with water to neutralize its acidity.  The hydrochar was then 
dried in the oven at 103±2oC and weighed repeatedly until obtaining the constant weight; and the hydrochar yield 
determined.   
2.3. High treatment temperature and KOH activation 
In order to obtain carbon materials with high porosity and high electric conductivity, then the high treatment 
temperature (HTT) and KOH activation continued heating and activation were imposed on the resulting hydrochar.  
Initially, as much as 120 grams of hydrochar were prepared for the sample. For the activation, such sample was 
immersed in KOH solution.  For immersion, the mixed ratio of KOH-activator to hydrochar was 1:3 (w/w), whereby 
the immersed mixture was kept for 24 hours.  Afterwards, the sample was put into the stainless tube.  Either the 
HTT or the KOH activation on the hydrochar sample took place in the horizontal-type pyrolysis retort at 800oC, 
maintained at one hour; and immediately the heating was terminated, allowing the sample to cool down overnight.   
The resulting carbon was determined for its yield, and further was washed thoroughly using 10% HCl to remove 
the dirt matters, followed with hot-water washing until the water pH became neutral.  The washed carbon was then 
dried in the oven at 102±3oC, weighed repeatedly until reaching its constant weight; and in this way, the carbon 
yield can be meticulously obtained. 
2.4. Characterization 
The measurement for such characterization was conducted using the LCR meter.  It was based on the measured 
electrical resistance of the carbon, from which can be obtained its electrical conductance (V) using the equation 
disclosed below [16] : 
 
)/(RxAl  V   (1)
 
Where,  
    l = thickness of sample (cm) 
    A = surface area of the sample (cm2) 
    R = electrical resistance (:) 
 
Crystallography analysis was done using the XRD [17] [18] with Cu as the source of X-ray radiation.  The 
diffraction was measured at the angle of 2T degree that ranged about 10-80o.  The parameters as observed included 
the crystallinity degree (X), distance between aromatic layers (d002), height of aromatic layer (Lc), width of aromatic 
layer (La), and number of aromatic layers (N).  Using the Bragg and Scherer equation, each of those parameters can 
be determined as follows: 
 
100% x
Area AmorfArea Crystal
Area Crystal X  (%)  (2) 
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TEO cos/)()100( KnmLa    (5) 
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002/dLcN    (6) 
 
Where,  
    λ = 0.15406 nm (wavelength of Cu-ray radiation) 
    E = Full width half the maximum (FWHM) in radians  
    K = The shape factor (constant) for graphite layer (Lc: 0.89 and La: 1.9) 
    θ = Diffraction angle in radians (S/180) 
 
Other parameters which were measured comprised aromaticity and carbon rank [19] [20].  Those parameters 
were measured, based on the ratio of the number of aliphatic-carbon bonds over the number of ring-carbon bonds 
from the area vastness at 2T equal to consecutively 20o (AJ) and 26o (A002) using the equation: 
 
)(/)(/ 002002 JAA ACCCFa alar ar    (7) 
 
Further, the carbon rank of the sample was determined, based on the peak intensity at the position of 2T  at 20o 
(I20) and at 26o (I26), using the equation: 
 
2026 / IIrank  Carbon    (8) 
             
In order to visually observe the surface morphology of the carbon, the SEM instrument was used.  As such, the 
carbon sample was paced at the holder already attached to the tip of carbon without coating process.   Proximate 
analysis was conducted to determine of volatile matter, ash content and fixed carbon. 
Early stage to determine the porosity of the sample was analyzed by iodine adsorption.  The nitrogen adsorption 
isotherms of the sample with the best iodine adsorption were measured using surface area analyzing at liquid 
nitrogen temperature.  The total surface area was calculated using BET (Brunauer–Emmett–Teller) method. Pores 
size and distribution were calculated by the Dubinin-Astakhov (DA) and DFT method.  The t-plot method was 
applied to calculate the microspores volume and external surface area [21]. 
3. Results and discussion 
3.1. Yield and proximate analysis  
The hydrothermal carbonization on cassava material brought out the yield of hydrochar greater than that of 
tapioca flour, i.e. 39.78% and 38.52%, respectively (Table 1).  Different from tapioca flour, which consists mostly 
of starch, cassava still contains fibres (cellulose as the dominate carbohydrate) that are difficult to degrade and their 
carbon content is also large (Table 1).  Based on the XRD analysis, the presence of fibres in cassava contributed to 
its higher of crystallinity degree (Table 3).  
Table 1. Yield of hydrochar and carbon from the cassava and tapioca flour 
Sample 
Yield (%) 
Hydrothermal Activation Total 
Heat-treated cassava (HTT Cs) 39.78 27.51 10.94 
KOH-activated cassava (AC Cs) 39.78 25.51 10.15 
Heat-treated tapioca (HTT Tf) 38.52 44.62 17.19 
KOH-activated tapioca (AC Tf) 38.52 39.01 15.03 
 
High treatment temperature (HTT) and KOH activation on the precursor of hydrochar brought out the yield that 
ranged about 25.51 – 44.62%.  The activated carbon (AC) exhibited its yield lower than the HTT carbon.  The KOH 
activator as employed during the heating would enable the KOH to react more intensively with the carbon, thereby 
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releasing as well more of its volatile [22] [23] and hence lowering the carbon yield.  
Table 2. Proximate analysis, iodine adsorption, and electrical conductivity 
Sample 
Proximate analysis (%) Iodine 
adsorption 
(mg/g) 
Electrical 
conductivity 
(S/m) Volatile matters 
Ash 
content 
Fix 
carbon 
Cassava (Cs) 91.90 1.00 7.10 - n.m1 
Tapioca flour (Tf) 96.22 0.20 3.58 - n.m1 
Cassava’s hydrochar (Hc Cs) 53.64 0.50 45.86 109.26 n.m1 
Tapioca’s hydrochar (Hc Tf)  49.75 0.10 50.15 38.37 n.m1 
HTT Cs 10.03 0.50 89.47 409.35 39.43 
AC Cs 11.32 2.59 86.09 542.63 30.38 
HTT Tf 7.10 1.39 91.52 142.90 n.m2 
AC Tf 12.82 3.19 83.99 1,032.30 n.m2 
Remarks: n.m1: can’t be measurement, the value more than 100 mega ohm 
n.m2: can’t be measurement, the value less than 0,01 ohm   
 
Scrutinizing the proximate-analysis results, it revealed that the volatile matter content in both cassava and 
tapioca flour was quite high, while their fixed carbon content were lower, compared to those in wood or other ligno-
cellulosic fibrous stuffs. The possible explanation is that both cassava and tapioca flour contain mostly starch 
carbohydrate (polymer with alpha (α)-D-glucose monomer units), while the carbohydrate in wood/other ligno-
cellulosic fibrous materials are dominated by cellulose (polymer with beta (β)-D-glucose monomer units).  The beta 
C-C bonds are much stronger than the alpha C-C bonds, rendering the former bonds more resistant to degradation 
than the latter bonds.  For these reasons, such alpha C-C bonds in the starch brought about the lowering of hydrochar 
yield from the hydrothermal carbonization on both the corresponding cassava and tapioca flour.   
 
 
 
 
 
 
 
 
 
Fig. 1.  Diffractogram curve of raw material, hydrochar, and carbon. 
3.2. Changes in structure of raw materials 
Following the hydrothermal carbonization (HTC) on the raw materials (i.e. cassava and tapioca flour), the 
scrutiny using XRD revealed that it occurred some changes in the XRD’s crystallograph curve (Fig. 1).  During the 
carbonization, the chemical compounds inside both cassava and tapioca flour sustained the degradation forming 
intermediate (lower molecular weight) compounds in progressive manner leading ultimately to the formation of 
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carbon materials [14] [24], and also it occurred the rearrangement of carbon elements, which were more stable and 
amorphous (Table 3).   
Accordingly, these mechanisms brought about the increase in fixed carbon content of the resulting HTC product.  
In general, the degradation during the carbonization on ligno-cellulosic materials (including cassava and tapioca 
flour) at below 250oC occurred to cellulose, lignin, and hemicelluloses [25].  However, the rearrangement of carbon 
elements as such was still unable to bring out the HTC product with satisfactory iodine adsorption and electronic 
conductivity.  This is because the carbon elements inside the product were still hindered by its functional group or 
attached to other compounds, as indicated by its still high volatile matter content.   
Morphology of the HTT Cs and AC Cs product, based on the SEM analysis exhibited varying shapes, such as 
sphere, particles, and fibres (Fig. 2).  Meanwhile, the shape of HTT Tf and AC Tf particles was more uniform and 
dominated by the spheres, although most of the spheres were agglomerated to each other forming as clusters.  This 
indicated that the hydrothermal carbonization condition as employed on the raw materials seemed not yet optimal, 
thereby rendering the carbon spheres as formed in the resulting hydrochar still not yet completely separated from 
each other into individual spheres.  Such sphere shape in the hydrochar was indicatively attributed to the particular 
portion of the starch polymers which was easily hydrolyzed.  Meanwhile, the fibre portion in the cassava exhibited 
more-regular structures, thereby more resistant to the hydrolysis action.  According to the research by Hu [2], the 
raw materials that contained hard tissue (has skeleton crystalline cellulose) would maintain their original shapes 
with more porous characteristics. 
Tabel 3. Crystallography analysis on the resulting hydrochar and carbon product 
Sample 
Diffraction 
angle  
d002 
d- 
spacing 
(nm) 
Diffraction 
angle  
d100 
Lc002 
(nm) 
N 
La100 
(nm) 
Crys-
talinity 
(%) 
Fa 
aroma- 
ticity 
Carbon 
rank 
Hc Cs 20,14 0.4405 - 1.14 3 - 26.33 0.12 0.21 
Hc Tf  20.73 0.4281 - 1.19 3 - 23.35 0.21 0.31 
HTT Cs 23.24 0.3824 43.86 1.55 4 9.67 45.66 0.65 1.89 
AC Cs 23.52 0.3779 43.52 1.43 4 10.63 35.39 0.59 1.40 
HTT Tf 22.61 0.3929 43.83 1.41 4 6.95 41.13 0.61 1.52 
AC Tf 22.95 0.3871 43.36 1.33 3 7.93 29.35 0.54 1.39 
3.3. Characteristics and changes in structure materials due to carbonization, heat treated and activation 
Referring to the results of XRD (Table 3) analysis on the cassava and tapioca flour hydrochar, their structures 
sustained notable changes following the heat treatment and activation.  The 2T angle of the resulting hydrochar 
formerly at about 20o shifted to the angle that ranged about 22-23o, thereby narrowing the d-spacing, and at the 2T 
angle equal to approximately 43o it appeared new peaks that indicate the forming of aromatic layers in planar 
direction d100 (Table  3).  Those occurring phenomena were also supported by the increases in consecutively fixed 
carbon content, carbon rank, and aromaticity of the resulting hydrochar. These changes brought out the resulting 
activated carbon with crystallinity degree greater that of the hydrochar thereby facilitating the electron movement 
and hence concurrently enhancing the electrical conductivity value.  Investigation conducted by [26] disclosed the 
similar trends whereby the greater it was the regularity degree, then the greater as well the electrical conductivity.  
When the activation process took place, concurrently there occurred the forming of pores in the overall structure of 
the activated carbon due to the more intensive release of volatile matters as gases. Such porosity could be 
recognized from the examination of iodine adsorption.  In the resulting hydrochar, its iodine adsorption value ranged 
about 38.7-109.26 mg/g, while the corresponding value in the activated carbon was in the range of 542.63-1,032.30 
mg/g.  
Carbon that resulted from HTT exhibited characteristics that differed from those from KOH activation.  XRD 
analysis on the activated carbon revealed that its crystallinity, aromaticity, and carbon rank were lower than the 
corresponding values for the heat-treated carbon.  KOH activator indicatively induced more intensive role in the 
348   Gustan Pari et al. /  Procedia Environmental Sciences  20 ( 2014 )  342 – 351 
forming and releasing of gases such as CO, and CO2 than the heat treatment, thereby creating more porous structure 
at the activated carbon.  This situation was consistent with the research results conducted by [23] [22].  Meanwhile, 
the intercalation of potassium (K) elements that occurred between the grapheme layers (d002) brought about the 
narrowing of the distance between carbon aromatic layers and also caused the destruction to the carbon structure 
[27] [28].  The KOH activator would also react with the functional groups at the edge of carbon aromatic, and 
therefore facilitated the forming of such carbon aromatic in horizontal direction (La). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  SEM morphology of (a) HTT Cs, (b) AC Cs, (c) HTT Tf and (d) AC Tf. 
In this research, the number of carbon aromatic layers decreased, which implied that the activated carbon was 
more porous in structure and lower in crystallinity degree than the heat-treated carbon (Table 2 and 3).  Greatest 
iodine adsorption of the activated carbon was to determine which activated carbon afforded the most porous 
structure. As such, it turned out that the most-enormous porosity structure was afforded by the activated carbon, 
which exhibited the surface area analysis (Table 4).   
Table 4.  Surface analyzed of activated carbon from tapioca precursor 
Sample 
Pore 
Diameter 
(nm) 
BET 
(m2/g) 
Micropore 
(m2/g) 
Total vol. 
(cc/g) 
Micropore 
Vol. 
(cc/g) 
Micropore Vol./ 
Vol. total  
(%) 
AC Tf 1.66 986.2 899.1 0.57 0.46 80.70 
 
According to the IUPAC classification, the N2 adsorption isotherm of AC Tf exhibits type I modified at high 
relative pressure to type II.  Type I indicating its micropores features that rapid saturation at low relative pressures 
and type II showed at relative pressure 0.25-0.80 with slight slope that indicates small mesopores (Fig. 3).   It can be 
seen from the surface analysis whereby micropores surface area and pores volume higher than mesopores (Table 4). 
Corresponding to the pore size distribution curves by the DFT method, AC Tf obtained micropores with sharp 
 
 
a b 
c d 
349 Gustan Pari et al. /  Procedia Environmental Sciences  20 ( 2014 )  342 – 351 
peaks at near pore diameter 1 nm.   It shows that a fairly large volume of micropores besides that there are also have 
pores volume at diameter pore around 4 nm (Fig. 3). 
   
 
 
 
 
 
 
  
 
 
Fig.3 (a) Nitrogen adsorption/desorption isotherms and (b) the DFT pore size distributions of AC Tf. 
Results of TEM observation on the activated carbon from the tapioca flour precursor (Fig. 4) revealed that there 
were no presences of regular structure at such activated carbon, as otherwise commonly present at the graphite with 
ordered structure.  Judging from those TEM results, it could be summed up that the activated carbon as obtained was 
structurally porous.  However, the increase in carbon porosity could inflict negative impacts on its electrical 
conductance.  The activated carbon exhibited lower electrical conductivity, due to its lower aromaticity degree and 
carbon rank than those of the heat-treated carbon.  This occurrence coincided with the lower fixed carbon content in 
the activated carbon and with results of EDX analysis. Activated carbon (AC) has greater oxygen content (13%) 
than heat-treated carbon (6%).  Oxygen is considered important in charge storage ability given that easy access of 
the electrolyte specie [29] [30].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. TEM analysis of KOH activated carbon from Tapioca (AC Tf) 
From the overall parameters as observed, kinds of raw materials (i.e. cassava and tapioca flours) brought about 
significant effect on properties of the resulting activated carbon.  In this regard, the tapioca flour material 
outperformed the cassava material.  The shape of carbon sphere, which dominated over other shapes in tapioca 
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material contributed to its more essential roles to afford higher electrical conductance and iodine adsorption as well. 
4. Conclusion 
The condition of hydrothermal carbonization process as employed was still not yet fully able to yield carbon 
spheres of the resulting hydrochar with separate and uniform dimensions/shapes, and instead they appeared in 
cluster of agglomerated spheres.  The use of cassava as raw material was in fact more difficult to form carbon 
spheres, since it still contained fibre. Properties and structure of raw materials (i.e. cassava and tapioca flour) 
sustained the changes following the HTT and chemical activation.  The activation using KOH chemical was able to 
yield activated carbon with more favourable porosity and electrical conductance, particularly the activated carbon 
from the tapioca-flour precursor. 
Analysis results on the carbon element in the resulting activated carbon revealed that the fixed carbon content in 
the activated carbon from the heat treatment was greater than that from the KOH activation.  This implied that KOH 
took greater role in the forming of oxygen.   
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